Pear fruits (Pyrss comnunis L. var. Bartlett) were treated with solutions containing aminoethoxyvinylglycine (AVG) using a modified vacuun infiltration method that introduced 43 milliliters solution per 100 grams tissue.
Pears which have developed a "ripening capacity" will ripen in response to ethylene that is either applied or which has accumulated endogenously to a critical concentration. As they ripen, the fruit produce a large quantity of ethylene. The gas thus undoubtedly plays a role in the ripening of these and many other fruits, but it is not yet known how its production is triggered nor how it initiates the ripening process (1, 11, 16) .
In 1975, Lieberman et al. (12) showed that AVG3, a derivative of the antibiotic rhizobitoxine, strongly inhibited ethylene production by a variety of plant tissues. AVG and related compounds are recognized as potentially useful tools for probing both the biosynthesis ofethylene and its action. The specificity of inhibitors can, however, always be questioned. AVG is believed to block ethylene synthesis between S-adenosylmethionine and 1-aminocyclopropane-l-carboxylic acid (1, 5) . It may interfer with other pyridoxal phosphate-dependent reactions (10) and may also inhibit tRNA charging (3) .
Wang and Mellenthin (20) infiltrated intact Anjou and Bartlett pears with solutions of AVG. They found that ethylene production was at least partially inhibited in both varieties. However, the ripening of Bartletts was not affected, whereas that of the Anjous was delayed by about 2 days. The present investigation relates an effective delay of Bartlett fruit ripening by AVG and the subsequent release of the inhibition by treatment with ethylene. ' Penelope J. Ness is now at the Institut fur Pflanzenbiologie Cytologie, Universitat Zurich, Switzerland. To whom reprint requests should be addressed. Abbreviation: AVG: aminoethoxyvinylglycine. MATERIALS Pear fruits (Pyrus communis L. var. Bartlett) were obtained during the 1st week ofcommercial harvesting from the Sacramento Delta region, and from Lake County, Calif. They were stored at 1 ± I C for at least 8 days, but for no more than 4 weeks, to synchronize their ripening before use. The fruit were held at 20 C for 12 to 16 h before infiltration. The [U-14CJleucine was purchased from Schwarz/Mann. AVG was obtained from Hoffmann-La Roche, and Gastrografm (37% iodine) from E. R. Squibb and Sons.
METHODS
Infiltration. The method used was essentially that of Frenkel et al. (9) with modifications to improve distribution and to ensure sterility. The fruit were surface-sterilized in diluted household bleach (final sodium hypochlorite concentration 1.3%, w/v) for 15 min then rinsed thoroughly. Subsequent operations were under sterile conditions in a laminar flow hood. The area of the fruit to be injected was wiped with 70o (v/v) ethanol. A 15-gauge needle was inserted 1 cm from the calyx and pushed a predetermined distance to reach the core region. The needle was unblocked and the fruit placed in a vacuum jar. Utilizing nylon luer connectors, the needle was attached to silicone tubing which led to a threeway stopcock positioned outside the vacuum jar (Fig. IA) . Connectors were used to facilitate connecting or disconnecting the tubing without disturbing the inserted needle. The additional outlets of the stopcock were to a syringe barrel containing the solution to be introduced, and to tubing opening back into the vacuum jar (Fig. 1B) . Four fruits in each of two vacuum jars were treated simultaneously. With the tap exists to the syringe barrels closed, a vacuum of between 10 and 15 cm Hg was drawn inside the jar. The taps were then turned and the solutions allowed to enter the fruit. This normally required between 5 and 20 min. For each fruit the infusion was followed by an air chase for 6 mi before the exit to that syringe barrel was closed. Subsequently, the vacuum was released, the needles removed, and the holes sealed with Vaseline. All ethylene was sampled using a vacuum-immersion technique (13) . A needle was inserted into the core of each fruit and unblocked with a fine wire. The fruit were immersed in water which had previously been under a vacuum of 12.5 cm Hg for at least 20 min. The vacuum was reapplied for 3 min, and air drawn from the fruit was analyzed for ethylene content.
Firmness. The force required to puncture the peeled flesh of the fruit was measured using a Univ. of Calif. pressure tester with an 8-mm plunger.
Color. Color was measured with a Gardner XL-23 color difference meter calibrated using a white standard plate (L = +91.7, a = -1.4, b = +0.9). Results presented are a values. Each fruit was marked so that the same two areas per fruit were measured each day.
Radiolabeling. Under sterile conditions, plugs 1.8 cm in diameter were cut radially through the fruit. The flesh portion was cut into discs 2.8 mm thick. These were washed with 0.375 M mannitol, then 12 g were placed in 12 ml of mannitol solution containing 8
,uCi [U-1 C]leucine, 312 mCi/mmol). The mixtures were incubated at 20 C for 2 h in a shaking water bath. The discs were removed, washed with mannitol solution, and frozen. Duplicate 4-g samples were ground in liquid N2. The frozen powder was added to 30 ml of 10%1o (w/v) trichloroacetic acid containing 2 mm leucine. The mixture was homogenized using a Polytron and left at 0 C for 2 h. An aliquot was retained to measure the total radioactivity associated with the discs. The remainder was centrifuged at 45,000g for 15 min and the pellet washed twice with 5% (w/v) trichloroacetic acid, twice with methanol-chloroform-water (12:5: 3, v/v), and twice with ethanol. The final residues were dried and combusted. The labeled CO2 was collected in a scintillation cocktail and counted.
Polysomes. Fruit flesh tissue was sliced into liquid N2 and stored at -50 C. Ribosomes were extracted and fractionated and the percentage present as polysomes was calculated (15) .
RESULTS
Infiltration. A study of this kind depends upon a reasonably good distribution of infiltrated materials since cells not reached by AVG will produce ethylene. Waterlogged regions of pears will not ripen. In preliminary experiments it was determined that infiltration volumes in excess of 5 ml/100 g fruit often resulted in abnormal physiological behavior. The dispersal of infiltrated solutions was considerably improved by the air chase, but the xradiographs (Fig. 2) show that the final distribution of infiltrated Gastrografin was not entirely homogeneous. Higher concentrations were present in the core with a range of concentrations in the flesh. The extreme calyx and stem ends of the fruit were rarely reached. Eosin red solutions appeared to disperse in a similar way.
The Effects of AVG on Ripening. When fruit were infiltrated with mannitol solution, ethylene production was greatly stimulated (Fig. 3) . Respiration was also slightly stimulated. When 10 ,UM, 50 ,UM, or 0.25 mM AVG was included in the infiltrated solutions the rate of ethylene production was progressively decreased. With 0.25 mm AVG ethylene production was less than 20%o of the mannitol-infiltrated fruit and approximately 50%o of the uninfiltrated controls. Concomitant respiratory rates were altered to a much lesser extent, and color and firmness changes (only mannitol and mannitol plus 0.25 mM AVG shown) were not affected.
When higher AVG concentrations of I and 5 mM were used, the effects on respiration and color change were much more pronounced (Fig. 4) . The effect of AVG was significantly influenced by the time of its application. In the early (day 0) application, the fruit were infiltrated with I mm AVG 12 h after their removal from cold storage. This caused a 5-day delay relative to mannitol-infiltrated fruits in the peak of ethylene production, the respiratory peak, and the change in skin color (Fig. 4) . Ethylene production was inhibited by over 97% and the maximum respiratory rate was 25% less than that of the control. For the late (day 3) application of I mM AVG, fruit were infiltrated 3.5 days after removal from cold storage. The fruit, which were physiologically younger than those in Figure 3 , were not producing ethylene when infiltrated. Nonetheless, these fruit ripened 2 days earlier than the fruit infiltrated on day 0 (Fig. 4 ) and produced about twice as much ethylene. Also shown in Figure 4 are the effects of 5 mm AVG on ripening. Seven days after the control fruits had completely ripened, those infiltrated with 5 mm AVG had shown no ethylene production and ripening changes.
Reversal of AVG Inhibition. On day 6, fruit which had been infiltrated with 5 mm AVG were treated with continuous exposure to 8 ± 3 ,Il/l ethylene. The fruit responded by exhibiting a small climacteric rise in respiration (Fig. 5) . They also softened and developed an aroma considered typical of normal ripe Bartletts. The rate of color change was similar to that of the controls (Figs.  3 and 4) .
In another experiment, fruit were infitrated with 2.5 mm AVG and 4 days after infiltration they were treated with a continuous supply of either 5 or 10 WI/l ethylene, or with 10 pl/l for 24 h.
The inhibition of ripening was overcome in all cases (Fig. 6) Figure 3 . treated fruit and those subsequently exposed to 10 pl/l for 24 h was measured. Three days after the ethylene was administered, i.e. day 9 (Fig. 6) , no difference in production rate between the ethylene-treated and untreated fruits was discerned. Admittedly, a difference may have been detected using more sensitive methods. By days 11 and 12, the ethylene-treated fruits were producing more ethylene than the controls. On day 12, the internal ethylene of the fruits was measured. All fruit subjected to an ethylene treatment appeared to be producing their own ethylene (Table I) . We do not know how soon this had taken place, or whether the ethylene came from cells not exposed to AVG. Utilizing a calculated resistance coefficient of 2.4 and applying Fick's law as done by Burg and Burg (7), we determined that the highest internal ethylene concentration of 31 tl/l (Table I) Ic/kg. h, which is very much less than the amounts produced by control fruits (Fig. 3) .
Protein Synthesis. Protein synthesis was studied in fruit infiltrated with 2.5 mm AVG and then treated or not treated with 10 pll ethylene for 24 h. Discs cut from both sets of fruit took up approximately the same amounts of [I4CJleucine (Table II), but those from ethylene-treated fruit incorporated about three times more label into a trichloroacetic acid-insoluble product than did (-----): 8 p1/l ethylene supplied continuously beginning on day 6. n = 3. SE as in Figure 3 . the control discs. Polysome data (Table II) propane-l-carboxylic acid (2), will have reached a sufficiently high concentration to trigger ripening prior to the injection of AVG. A greater effectiveness of AVG toward less mature fruits has also been reported for tomatoes (4) where the strongest inhibition of ethylene production is in green fruits. Our attempts to assess the effects of AVG on riper pears were not successful as infiltrated solutions are not adequately dispersed as the fruit begins to soften.
Treatment with ethylene overcomes AVG inhibition. This strongly indicates that the AVG effects are mediated solely through inhibition of ethylene synthesis. Partial inhibition by AVG of changes in membrane permeability is also overcome by ethylene (18) .
The general pattern of respiratory changes shown in this report (Figs. 3-5 ) supports the notion that respiration rates are somewhat proportional to ethylene concentrations (14) and that lower ethylene concentrations are needed to initiate ripening than are required for a large climacteric rise (19) . Side effects of AVG on respiration, however, should not be ruled out.
A 24-h ethylene treatment of AVG-infiltrated fruit resulted in slower ripening than continuous exposure (Fig. 6) , although ripening appeared to begin at the same time. This implies that once the senescence process has begun its rate is influenced by the concentration of ethylene present. However, since ethylene production by fruit ripening in response to a 24-h exposure to ethylene does not appear to be higher than the 1.2 pl/l of nonripening AVG inhibited fruit (Fig. 6 and Table I), it seems that only very low concentrations are required for completion of the ripening process. It is tempting to speculate that the presence of ethylene is not necessary once ripening is underway. The results also indicate that AVG inhibition of endogenous ethylene production could be used to determine ethylene threshold values for specific physiologic responses.
It is widely thought, though not proven, that the synthesis of protein is necessary for the ripening of harvested fruits, and that ethylene treatment will stimulate such synthesis (6, 11, 16) . Our results are in agreement. Incorporation studies based on the use of tissue slices could be criticized because of the possibility that wound-induced protein synthesis is taking place (17) . It is conceivable that ethylene treatment renders the AVG-infiltrated fruit more responsive to wounding. The polysome experiments, not involving wounded tissue and hence immune to such criticism, support the incorporation data and leave little doubt that protein synthesis in AVG-treated tissues takes place in response to ethyl- ene. The results lessen, but do not preclude the possibility that AVG partially inhibits protein synthesis (3).
